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Abstract

This paper presents a novel use case and functionalities of the new data linking service and portal SampoSamro -
Connecting Everything to Everything Else on top of it, based on a Linked Open Data (LOD) cloud of related Cultural
Heritage (CH) knowledge graphs (KG) of different application domains. This new Sampo system interlinks data
about historical Finnish people, organizations, places, and events from 11 earlier Sampo systems in use on the
Web as well as 8 other Finnish and international sources of data on the Web. This paper focuses on one particular
use case of SAMPoSAMPO: how to detect automatically conflicting and complementary data about entities in
an interlinked cloud of CH KGs. With provenience information attached, this is useful 1) for data publishers
for checking the quality and possible errors in their data by comparing it with datasets provided by the other
publishers, and 2) for data consumers for verifying the quality of data based on multiple primary sources. Our
first results show some striking conflicts and disagreements between the primary data sources interlinked in
SAMPOSAMPO.
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1. SampoSampo - Connecting Everything to Everything Else

SampoSAmPo — Connecting Everything to Everything Else' (Hyvonen, Ahola, Leskinen, Rantala, et al. 2025;
Hyvonen, Ahola, Leskinen, and Tuominen 2025) is new member in the Sampo series on Linked Open
Data (LOD) services and portals (Hyvénen 2022) in use in Finland. In contrast to earlier Sampos?, it is a
“metasampo” based on a cloud of 11 other Sampos (BiographySampo, AcademySampo, LetterSampo
Finland, etc.) and 8 related external data services on the Web (Wikidata, Geni.com, Getty ULAN, etc.).
The SAmMroSamro knowledge graph is a data linking service with resemblance especially to the viaf.org®
service (Hickey and Toves 2014) provided by OCLC, but also to the works of ontology mapping, ontology
services (Xia, Jiménez-Ruiz, and Cross 2015; Frosterus et al. 2015; Laouenan et al. 2022), Linked Open
Vocabularies®, and the proxy data model of Europeana (Isaac 2023).
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The goal of viaf.org is “to lower the cost and increase the utility of library authority files by matching
and linking widely-used authority files and making that information available on the Web®. In contrast,
our work demonstrates how such a KG and LOD service can be used for the following practical purposes:
1) How to do semantic search and browsing on a global level over all KGs in the cloud. 2) How to detect
how the data about the same entities is conflicting or complementary in different KGs of the cloud.
3) How do discover new relations with explanations between entities over the KG cloud (a form of
explainable Al (Dosilovi¢, Bréi¢, and Hlupi¢ 2018)). 4) How to use the linking service in creating new
data services and applications, in our case new Sampos.

This paper presents the first results of using SAMpoSamro in the case (2) above using the SAmMPoSAMPO
portal demonstrator and Google Colab scripting for data analysis. As a novelty, our data service
facilitates analyses about linkedness of the datasets by shared entities and finding conflicting data in
the interlinked datasets. Biographical data about historical people and places are considered as a case
study. The analyses presented are useful for both data publishers and end users for quality checking
that is necessary for reliable historical research. Our first results show that conflicts and disagreements
are fairly common even between primary data sources that are in general considered reliable.

2. Finding Conflicting Data in a Cultural Heritage KG Cloud

As customary in Sampo systems, there are two ways of analyzing the underlying KG: 1) By accessing
the SPARQL endpoint directly by scripting and tools, such as Google Colab and Yasgui editor, or 2)
using the Sampo portal where programming skills are not needed, only data literacy:

2.1. Data analysis using the SPARQL endpoint and Google Colab

The focus of the work presented in this article is to find conflicting information about the biographical
people and geographical places in the data sources of a KG cloud. The SAmMroSampo dataset contains
approximately 96 800 person and 28 800 place entities in total. The number of datasets that provide
information about a single biographical person is depicted in Figure 2.1. For example, 32 873 people
have their data coming from two distinct data sources. On average, each individual’s information was
sourced from 2.63 different databases. In total, 16 100 individuals or 16.6% of the entire dataset were
represented in only a single database. Conversely, only the most prominent people appeared in more
than 12 databases, with the highest instance being found across 16 different sources. For the place data
the average number of data sources was 1.83 and 50.6% of the data had a single source of data.
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Figure 1: Distribution of the number of datasets for a single person entity in SAMPoSAMPO dataset

The analyzed properties for biographical data were the time and places of birth and death as well
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as the gender of the individuals. Missing values from the data sources were not considered as errors.
Instances where the times of birth or death were expressed with different levels of precision—such as a
specific date in one source compared to only a year in another—were common. These variations were
not considered errors but rather artifacts of differing granular standards used in data sources. Similarly,
for the places the different resolutions were not considered as mistakes, e.g., the mentioned location
could refer to a single mansion, a village or town, or entire municipality or county in different data
sources. The few cases of inconsistent genders are mostly caused by either having a unisex given name
or by using a nickname or pseudonym referring to the opposite gender when, e.g., publishing her or his
literary works. Given the diversity in name spellings and usage of nicknames or pseudonyms, we chose
not to evaluate variations in the given and family names.

Evaluation results of analyzing the biographical data are depicted in Table 1. Each of the evaluated
properties are given three measures, the total (#Total) count of values extracted from the data source,
the number of inconsistent values (#Inc.) and the percentage of inconsistent values (%) with respect to
the total count. Each row corresponds to one of the 17 data sources with the total count of entire data
given at the bottom row. The properties that were not provided in the data source are marked with
hyphen.

Table 1
Overview of inconsistencies in biographical data
Place of birth Place of death Time of birth Time of death Gender

#Total #lnc. % | #Total #lnc. % | #Total #lnc. % | #Total #lnc. % | #Total #lne. %
KANTO 9588 2% 246 9167 80 087 31615 s 114 11638 208 066 - - -
Norssi 683 13 180 232 7 302 701 35 499 701 ® 556 701 0 000
Geneanet 31593 564 178 28010 677 242 41435 2750 664 41435 2140 517 41395 5 00
BiographySampo 11853 180 152 11564 168 145 21527 759 353 1527 86 179 21493 2 om
BaokSampo 4165 6 144 3332 64 192 9154 194 212 9153 180 197 9150 0 o
Wikidata 23661 M0 144 21810 W00 092 013 1419 354 013 1053 262 40139 M0 005
ParliamentSampo 2089 19 091 1964 6 183 2093 3 04 2003 3 014 2093 1 005
ArtSampo 776 6 077 681 9 132 1106 15 136 1106 8 072 1084 2 018
AcademySampo 21090 153 072 21893 238 109 22675 682 3m 22675 574 253 22675 1 000
WarSampo 3320 13 039 1709 2 12 4156 27 065 4156 ® 094 - - -
LetterSampo 17492 63 036 16717 81 048 31319 71 086 31319 257 082 31319 4 om
OperaSampo - - - - - - 575 15 261 567 7 124 550 1 018
Wikipedia - 20558 526 256 20558 516 251 - - -
ULAN - 1847 44 238 1847 15 244 1847 7 038
Snellman - 3223 32 099 3223 18 056 - - -
Edelfelt - 3296 16 048 3328 11 033
HISTO - 536 1 01 536 0 000
All datasets | 128342 1723 134 | 119029 1629 137 | 239226 7391 349 | 239272 5669 237 | 238454 54 002

2.2. Data analysis using the SAMPoSAMPO portal

The SamroSampo portal includes application perspectives for searching entities, including people and
places, in all underlying CH KGs at the same time, or in a subset selection based on a dataset selection
facet. For each entity, an instance page is generated that aggregates information about the entity from
the different interlinked data sources with provenience information link attached that tells the source
of the different pieces of information. In addition, a specific “Inconsistency facet” was automatically
created that can be used to find and analyze various types of inconsistencies in data easily with one
click. For example, in the People search perspective this facet includes the following categories with
the number of hits in brackets: Time of birth [7391], Time of death [5669], Place of birth [1723], Place
of death [1629], gender [54]. For example, the category “Time of birth [7391]” tells that there are some
disagreements or issues of precision about the time of birth regarding 7391 people in the primary
datasets.

Figure 2.2 depicts a screenshot from the portal on the instance page of the prominent Finnish bishop
Mikael Agricola (1510-1557), called the “father of the Finnish language”. The inconsistencies with the
times of birth and death and the place of death are marked with red showing also the corresponding
data sources, such as Wikidata and Booksampo, as superscript. Since finding out the ground truth
would often require close reading by a domain expert, the wrong value and data source is concluded to
be the one appearing least of the times, like the time of death 1557-03-30 stated in Wikidata while
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Preferred labels per proxy ® “ Kanada .. AcademySampo, Biog ¥Sampo, BookSampo, LetterSampo, ParliamentSampo, Wikidata, ¥SO
Alternative labels per proxy @ “ Canada .. AcademySampo, BiographySampo, LetterSampo, ParliamentSampo, YSO

« 56 (LetterSampo, Wikidata, ¥SO

Latitude @ S * 56.1 303&;\Acndunv5m1|pu BiographySampo
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Longitude A ~
¢ ® « -113.64258B00kSampo
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Sampled latitude () 56.0
Sampled longitude @ -109.0

Figure 2: Screenshot from the portal showing the different coordinates for Canada in the data.
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Figure 3: Canada’s different coordinates in the data visualized on a map. (Leaflet, © OpenStreetMap contributors,
© CARTO)

the other four datasets provide either the year 1557 or an exact date 1557-04—09. In the case of place
of death, there have been several places in Finland called Uusikirkko (Newchurch), one of them later
renamed to Kalanti.

Developing the person ontology of SAmMrPoSAMPO was carried out in the first place as a part of the
LeTTERSAMPO FINLAND project (Hyvonen, Leskinen, et al. 2025). During the process issues like choosing
the correct preferable label for an individual were tackled and the practice of showing the data variations
inheriting from chosen sources of data—including the discrepancies—was adapted.

For the geographical entities the differences in latitude and longitude of given geocoordinates were
analyzed. Each of the latitude and longitude values were compared against the “sampled” coordinates—
latitude and longitude values from the proxies of the datasets that on average have the smallest Euclidean
distances to all the other coordinates—computed for the provided place entities in SAMpoSamro data. If
the values had a difference of more than 0.5 decimal degrees compared to their respective “sampled”
values, they were marked as inconsistent.

Table 2 depicts the evaluation measures about inconsistencies for places in Wikidata and the primary
data underlying some Sampo systems. It is important to note that having inconsistent coordinates
for place does not always indicate an error in the given coordinates, as the data includes places of
varying geographical area sizes. For example, as shown in Figure 2.2, the entity for the country of
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~ Agricola, Mikaelﬁl_ngthySampg, BookSampo, LetterSampo Finland, Wikipedia

Preferred labels per proxy @ N
« Olai, Michae|Wkidata
« Agricola, Michael¥ikidata
« Agricola, Michael OlajBlogreohySampo
Alternative labels per proxy @ ~ « Agricola, Michael OlayiWikidata
« Agricola, MikaelWikidata
« Olavinpoika, MikaelWikidata
Gender @ MaleBicgraphySampo, BookSampo, LetterSampo Finland, Wikidata, Wikipedia
i i « 1509-12-22Wikidata
e © « 1570BlographySampo, BookSampo, LetterSampo Finland, Wikipedia
Place of Birth (i) PernajalographySampo, BookSampo, Wikidata

« 15578iographySampo, LetterSampa Finland
Time of Death @ ~ » 1557-03-30Wikidata
« 1557-04-09BeokSampo, Wikiedia

» KalantjBookSampo
- !ugikirkkgaiug@p—h?sam@r Wikidata

Place of Death @

Figure 4: Screenshot of the portal showing the biographical data of Finnish bishop Mikael Agricola (1510-1557).

Table 2
Overview of inconsistencies in geographical data
latitude longitude
#Total  #Inc. % | #Total  #Inc. %
BiographySampo 2567 125  4.87 2567 144 5.61
AcademySampo 4481 105 234 4481 136 3.04
ParliamentSampo 4388 97 2.1 4388 124 2.83
BookSampo 6404 62 097 6404 75 1.17
Wikidata 20121 45 0.22 20121 56 0.28
LetterSampo Finland 10787 17 016 | 10787 22 0.20
WarSampo 1641 0 0.00 1641 0 0.00
All datasets | 50389 451 o090 | 50389 557 110

Canada has three different listed latitudes—one of which is marked as inconsistent—and four different
longitudes—three of which are marked as inconsistent—yet all of these coordinates fall within the
contemporary borders of the country (see Figure 2.2). Different data sources used for originally getting
the coordinates might apply different conventions for determining the preferred coordinate point they
use, e.g., by choosing to use the coordinates of a capital of a country—which might even change over
time, leading to sources using this same convention to still have different coordinates depending on
data creation and modification date—or by choosing a suitable center point of a land area.

3. Conclusions

This paper presented a new approach to analyze consistency of data represented in a cloud of interlinked
cultural heritage KGs. The approach is based on using a data linking service KG as a basis, and was
applied to the cultural heritage linked open data cloud of the Sampo system KGs and a selection of
additional external datasets. However, the method is generalizable and applicable to other similar cases,
such as to the international Linked Open Data Cloud’ and the viaf.org data service for linking data
from National Libraries around the world and beyond.

*Linked Open Data Cloud: https://lod-cloud.net/
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The approach has been implemented as part of a new prototype SamroSamro — Connecting Everything
to Everything Else, a new “metasampo” on top of other Sampo KGs and related external data sources.
Our first data-analyses using SAMPOSAMPO indicate a surprisingly large number of disagreements and
issues in data quality and precision regarding the biographical and geographical information in the
primary data sources involved.

The SaAmMPoSAmPO portal® and the underlying LOD service’ will be opened using the open MIT and
CC BY 4.0 licenses in 2025 or early 2026.
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